
THIS REPORT HAS BEEN DELIMITED 

AND CLEARED FOR PUBLIC RELEASE 

UNDER DOD DIRECTIVE 5200,20 AND 

NO RESTRICTIONS ARE IMPOSED UPON 

ITS USE AND DISCLOSURE, 

DISTRIBUTION STATEMENT A 

APPROVED FOR PUBLIC RELEASE; 

DISTRIBUTION UNLIMITED, 



UFO LASSIFIED 

AD  / 
'4 730 

DEFENSE DOCUMENTATION CENTER 
FOR 

SCIEMT-FI: \m TLCHNICAL INFOBMATiON 

GAMERC   STATION  ALEXANDRIA. VIRGINIA 

CLASSIFIED 



NOTICE: When government or other drawings, speci- 
fications or other data are used for any purpose 
other than in connection with a definitely related 
government procurement operation, the U. S. 
Government thereby incurs no responsibility, nor any 
obligation whatsoever; and the fact that the Govern- 
ment may have formulated, furnished, or in any way 
supplied the said drawings, specifications, cr other 
data ia not to be regarded by Implication or other- 
wise as in any manner licensing the holder or any 
other person cr corporation, or conveying any rights 
or permission to manufacture, use or sell any 
patented invention that may in any way be related 
thereto. 



£-      j      *ABt   TECHNICAL   REPOR      :" 4 - 161 

fl 

CD CO 

PARTITIONING AD SATURA ON OF THE PERCEPTUAL F ELD 
AND JFFICIENC1 OF VISUAL SEARCH 

CBARl        ¥.   gRIgSS* 

TBS JOBiS       FillS UIIYSRSITT 

A        L   i 9 5 /i 

WRIGHT  AIR   Dr     ILOPMENT   CENTER 

BEST AVAILABLE COPY 



IflMAfl 

WADC TECHNICAL REPORT 54-16 1 

PARTITIONING AND SATURATION OF THE PERCEPTUAL FIELD 
AND EFFICIENCY OF VISUAL SEARCH 

'hai I e s   V •.    Kriksen 

April   J954r 

ie^c  Xedical   laboratory 
Contract   Ko.    AP   3 3 (0 38 ) ~ 228U 2 

RVO   Ho.    f>9n-u3 

RDO   Ho.    69U-U5 

Wright  Air Development center 
Air Research and Development Coawantl 

United States Air Force 
Wri ght-Patterson A.i»* Force Base,  ohi 

Carpr-'-r 1,1**10 St Prtg.  Co...  SDrlngi'inid.Ohit- 
200     - 2U  August 1951* 

'•: 

-•*••   — ~j—  •'-- ^•:f."T»^-jfflCTpyii Jh.iJIHW.il 1• !• 



FOREWORD 

This report Is the result of experiments performed by Charles W. 
Erikaen under contract Ho. AF 33(038}~226i& at the Institute for Coopera- 
tive Research, The Jonas Ecpleius Tfciversity. The contract *f&s initiated 
under a project identified by Research and Dcvcicgrsest Order Nos. 6<jk-k^, 
Presentation of Data on Radar Scopes, and &9U-Vs, Human Engineering 
Analysis of Multiple Operator Air-Ground Systems, and was administered 
by the Psychology Brimch of the Aero Medical Laboratory; Directorate of 
Research, Wrignt Air Btvrrloptteat Center, vith Julien M. Christensen 
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ABSTRACT 

The present report describes a series of axperiff»e»i-s upon the effects 
of various conditions of display upon visual search. The time required to 
locate a constant number of signals in a uquare display -,-?s determined -Jfcere 
(l) the number of irrelevant signals was varied from 10 to 70, ana.  (2) when 
the number of partitions of the display was varied by the use of grid lines. 
Grid lines were used to partition the display into a 9 x 9, a 13 x 13, and a 
l6 x l6 matrix. 

The results show that search time increases both when the number of 
irrelevant signals is increased and when the musber of partitions is increased 
An explanation was advanced for these effects in terms of the maaber of foveel 
fixations required for signal identification and the use that observers *sak€. 
of giic- lines in their plan of search. 
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I3TR0DUCTIOH 

la the military setting,visual displays are used for a number of purposes 
varying from recognition of ground return in radar to the assimilation of 
information from plot-tin* boards. Irrespective of the task., in most cases 
thsrs is a need for rapid accurate identification or location of particular 
objects or  signals in the display. The present study is concerned with certain 
perceptual problems involved in the visual display of information, particuisrly 
vl.th reference to the task of visual searctt. 

4-u   USxHg   V13US I   wi^Sp^ayC     c*    C-VIMIUWU    wSiJS.   wwHJivu'wI"^ 

of visual search* aere ths observer is required to scan the display in order 
to detect the presence or location o^ particular signals or ether encoded 
information. In this task the structure of characteristics of the perceptual 
fielva (display) may oe expected to influence his performance. Previous research 
(l), for example, hat shown that the heterogen<sity of the field in terms of 
such visual dissensions as hue, form, size and brightness is a significant 
factor in search time. Search time, in general, was found to increase with 
increasing heterogeneity of the field. 

In addition to heterogeneity on various dissensions a display or perceptual 
field can vary in terms of other character if? tics. One of these is the number 
and dirfarent kinds of information it contains—-that is, how asueh blank or 
unoccupied space there is in the display. A display may be virtually saturated 
with signals or the signals may be few is tsaBsKg and widely scattered throughout 
the display. Perceptually we may consider this variable as relating to the 
ratio of figure to ground and «* aright expect- thst the spe«d with which an 
observer can scan the display in search of jp<.eified stgnalfs would be affected 
by this ratio. 

Displays also vary in the nature! or artificial sub-divisions or parti- 
tlonings that exist in them. In many displays grid lines or coordinates are 
used to partition the display. While these grid iine« may be helpful in 
specifying the location of a signal, their- effect upon sp«ed and accuracy of 
visual search is unevaiuated. 

The purpose of the present experiment *ras to determine the effect upon 
visual search tims of three variables, saturation, partitioning, and search 
area,, Speed of visual ocorc."; aa measured by the tiae it took a subject to 
"Guote a constant number of signals in a display,, was determined when tfce 
following factoi-a were varied; \1) the Gu»b^~ of iiOn~terg£t signals in the 
display; (2) the number of partitions of ilife display was increased or decreased 
by the use of grid lines,? *nd (3) the total area of search. 

! 
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II,  MSTHOD 

Vgparatus. A square dispiay, perpendicular to the subject's line of 
sight, was used. The center of the display was 60 in. from the floor. It 
waa painted a flat white in co?>.or and was ruled off into equal-sized 
partitions by the use of i/l6-in. black lines. A quarter-inch electrode 
was located at the bottom of each of the partitions and a tiny hook at the 
top, The number of partitionai and the area of the display were varied in 
the experiment. A sliding panel was uned to hide the display from the 
subject, when a eatrh was released, the panel droppe-?. giving the sjihjsrti. 
a full view of the display. "J'he dropping panel also tripped a  mleroswiteh 
which in turn activated an electric timer. The subject located objects in 
the display by torching s. stylus to the electrode in the proper partition. 

A coiitroj. panel was mounted on the 
connections with each of the electrodes on the face. Then telephone jacks 
could be plugged into these connections so as to obtain any desired pattern 
of ten electrodes, These jacks were connected to a system of relays, whien 
were tripped whenever the subject touched the stylus to the corresponding 
electrode, When all ten relays had been Lrippad, in any order, they com- 
pleted a circuit which stopped the timer» 

The signals placed in the display were cut out of a dark grey cardboard. 
Thoy were of three shapes^ triangles5 squares, en* diamonds. All were of * 
constant size, ?/8-in. on their maximum vertical and horizontal dimensions. 
Ten triangles were always used as the target signals and the number of squares 
and diamonds placed in the display was varied experimentaljys. 

Subjects. A total of 36 students at The Johns Hopkins University was 
used, 20 males and 16 females. No attempt was made to control for sex 
differences since a previous study involving a similar task (?)  had shown 
no evidence of sex difference on this type of perceptual-SiOtor task. 

Design. The three experimental variables in this study vere display 
saturation or the number of objects placed in the ?*splay, partitioning of 
the display by the use of grid lines, ana. the display arec. For the satura- 
tion variable, the subject was required to locate tne tea target objects wher> 
the display contained a total of 20, ko,  50, and 30 signals. Partitioning wo3 
varied by ruling the display off into a 9 x 9, » 13 x 3 3, and a 16 x 16 matrix 
by the use or l/i6=in. wide lines. 

There are two ways in which we can vary the number of partitions in the 
display. One ia to held constant the area of the display KS ve vary the 
nyaaber of partitions- In this case the size of the individual partitions will 
vary., The other luethod is to hold constant the size of the individual parti- 
tions, bur. alioiv the total area uf the display to vary. In the present 
study both methods of varying the number of partitions were used. This was 
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accomplished bj using three different display areas, 18, 2h,  and 32 In. 
square. Thus it was possible to compare differences between number of parti- 
tions when a constant-sized disp3cy -as used and also when the si?.e of the 
partitions in the display was Kept constant. 

The three e.x.pt:x'i mental variables ve~£- arranged in a 3 x *» x j factorial 
design. Twelve subjects were assigned at random to each of the three display 
sizes. Each subject was tested once under each of the 12 combinations of the 
three different partitionings and the four saturation?-. Hi thin each display 
size, the order in which subjects were tested on the various combinations 
of saturations and partitioning was counterbalanced in a latin square design. 

Subjects were run individually. They were instructed to locate the ten 
triangles in the display as rapidly &<  possible by touching the stylus to 
the electrode In the partition vlisrs the triangles were placed. In order to 
eliminate one source of error, subjects were instructed to count the triangles 
so as to be sure that they had located all ten. The subjects' score was the 
time required to locate 'she ten triangles.—' Search time was measured to the 
hundredth of a second. All subjects had received extensive practice on a 
similar task prior to beaming the experimental trials. 

There were always ten target signals in the display. They w«»re located 
among the partitions in the display according to 12 patterns* These patterns 
had been selected x,o  meet the following criteria: (l) No two target signals 
were to be in adjacent partitions, and (?) at least one target signal was to 
occur in the top tvo rows of the display and at least one in the bottom row. 
Within display sizes, the 15 patterns were varied among the 12 combinations 
of the different numbers of partitions and saturations in a latin square 
different from that used for counterbalancing subjects so that no subject 
obtained the same pattern twice. 

III.  RESULTS 

The searclj. tises obtained under the various treatment conditions were 
subjacted to a modified four-way analysis of variance (saturation, partitions, , 
display size and individuals).  A summary of this analysis is shown in Table 1.—' 

1/ Although srrors were recorded they were so very rare that no analysis of 
them was merited. 

I 
2/ The method of analysis is identical with that described by Lindquist (h) 
under 1-j.an VT. The search times were examined for evidence of skewed distribu- 
tions, but they appeared from examination to be relatively normal. In view of 
this and also taking into consideration the report (5) that, moderate departures 
from normality have little effect upon significance levels, it was considered 
".nneceseary to use a logarithmic or reciprocal transforrrostion on the time scores., 
Bartlett's test when applied to the data offered no basi^ f**1 rejecting the null 
hypothesis that the variances were homogeneous. 

».„ . - ...-—:-- 
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Source Svas o? Squares d.f. 7 ratio 

Total 968^.1 «*3I 

Display saturation 2*267-5 3 iHdc. j/ 12*1 «• 117*2** 

Display partitions 579.7 2 289.9/16.7 - 17.3** 

Display  ar^&B 555.5 2 29^.2/61.9 * <f.a» 

20i*?s7 33 61.9/ 

Saturation x partitions 91.^ 6 15.2/8.5 » l»|!5 

Saturation x area 47.5 & 7.9/12.1 B .65 

Partition x area 14.1 1+ 3,5/16.7 S .21 

saturation x peu/titic-iie 
x area 

wioiin Subjects Srvor T^r^ss 

Pooled subjects by saturation 

Pooled subjects by partitions 

] Pooled subjects by saturations 
I       by partitions 

j 
j   uossiosite within subject error 

l   «     r- 

1201.7 99 12.1/ 

H02iS 66 16.7/ 

1688,5 198 8.5/ 

3992.9 365 

** Siguificsace r-eyond *te .001 level 

*    Significance beyow»  r-be .05 leTei 

3.V6c5   -        .39 
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From this table it can be seen that tvo of the experimental variables, 
saturation and partitioning, were significant beyond the .001 level of confi- 
dence, and the third variable, display area, was significant at the .0'; 
Iwvel. However, none of the interactions between the?* three variables 
approached significance, Table 2 presents the scan search times ^or the 
various combinations of saturations and partitions for each display area, 
It vill be noted that increasing the saturation or the number of sipnals in 
the display leads to increase in search timo. Also the •.or* the display is 
partitioned off by the use of grid lines, the longer is the time required for 
locating the target signals. 

These effects can be more readily perceived graphically. In Figure 1 
search time has b?sn plotted as a function of diaplav saturations ari number 
of partitions. Search time has beers aversg€fd through display areas. As is 
apparent^ search time increases mcnotcnically as the number of non-target 
signals in the display increases. In fact, the function vould appear to be 
linear -r  but the points are too few in number to indicate the exact shape of 
the function. It can also be seen from this graph that search time is ieBs 
when the display hu.s the minimum number of partitions. The 9*9 partitioning 
results in the quickest search for all saturations and the 16 x 16 the slowest. 
This latter effect is further illustrated \r.  Figure 2 where search tias lias 
been plotted as a function of the number of partitions in the display and the 
display area. 

From Figure 2 it is apparent that the relation between search time and 
total search area is not a monotonic one. Tie slowest location is obtained 
with the 2k  in. square display. On the other hand, location is nearly as 
rapid with the 32 in. square as it is with the 18 in. one. 

As was pointed cut abov^s when « dinpl»y is partitioned oir into a greater 
number of ares«; the size of the individuax partitions or cells is d^reased. 
It is conceivable, therefore, that the differences in search time obtained 
with differing number is of partitions ma: he die to increasing difficulty in 
identifyiiife or discriminating a signal in * smaller partition. As a check on 
this possibility, the three display sizes were so chosen that the partitions 
resulting from the 0x0 partitioning of the smallest display were the same 
size as the -ells resulting from the 13 x 13 partitioning of the middle eir-cd 
display ar«i the 16 x 16 partitioning of the largest display. The failure to 
obtain a significant interaction between the three experimental variables 
indicates that the effects upon search time due to partitioning cannot be 
ascribed to the varying size of the individual partitions or cells in the 
display. 

This can be clearly see" from Figure 2. If the effects upon search time 
due to the number of partitions was solely the result of the smaller siae of 
the cells. it would be -s:-cpected that the eearch time for the 9x9 partitioning 
of the 16 in. is«lrix, the 13 x 13 partitioning of the 2^ in, matrix and the 
l6 x 16 partitioning of thi:  ~yi  in, antrix lo  be approscisitcly equal except- for 
a plight difference resulting from differences in total search area. Comparison 
of these three points in Figure 2 snows chat increases in «ea~icn tiiaa associated 
with increase?: in the number of partitions is much >$reatei tnar. can be attri- 
buted to differences in the total search area or size of the display. 

KAOU A.r\   j—-' -L OX 
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20 
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9.79 
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$2 60 ^ 

18 is. •quiiT» display 

10.82 13-C6 16.55 

13=5" 15.83 iS.98 

lW.3* 16,9B 19.95 

Zk in. square (Hf-iis? 

13*9* 1^.20 

IS   Ql 
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20.9^ 

32 la* square display 
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Figut* 1. Search tisse a* a funcTAon 01 uicpla^ a:-tux sties sn-i p^-rTitiorii/ng. 
Search tijs» hss t^eea averaged through the three dispiay areas sad each point 
is the mean for 36 «ubjects. 
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Figurr 2_  ?*?'.r'l"i"' t«i**B «« s funrrfc-?on of rtinplay partitioning and area..  S ?*Tch 
time has been averaged tnrougu saturations and each point is the ae&n of kB 
scores on  e&ch o? 12 subjects. 
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The results presented above can be oriefiy summarised os follows? 
(1) As the maaber of signals or objects in the «ii splay was increased, the 
time required for the visual location of a constant number of specific signals 
also increased^ (2) when the visual, field or display was partitioned into 
8l, 169, and 256 equal sectors by the use of grid lines, the speed of visual 
search decreased Kith the Increase in the number of partitions; and (3) *9 
ths sis;* of the display or search area was varied, it was fourxi that visual 
search was most efficient when the search area was 18 and 32 in. square said 
least effective vhen 2k  in. square. 

The first of these findings agrees quite well with our intuitive expecta- 
tions. It seems reasonable; that it would be more difficult to locate a parti- 
cular object or objects when the number of objects emong which th#y were inter- 
spersed was iiicreeseds in tne prsBeul case it would appear that this effect 
can be explained or understood in terms of the aua&er of visual fixations 
required for the accomplishment of ths task. Here the triangles were easily 
discrlminabie frees the squares and diamonds ne indicated, by ths fact that 
subjects rar-ely mads an error by touching the stylus to the electrode beneath 
an incorrect signal. While peripheral vision is adequate for detecting the 
presence of a signal against the display field, it would apprue  that foveal 
vi Rion vsjg used or required zo make the discrimination between target and 
non-target signals, J?/ Detection by peripheral vision leads to *» brief foveal 
fixation while the signal is identified as a target or non-target signal. 
If we take as the risple«t ctase where OGJ.V target signals are present In the 
display, only as many fixations as there are target signals is required. 
However* increac-ing the number of non-target signals is the display leads to 
more visual fixations. Every signal picks* up in peripheral vision leads to 
s. fovsal fixation. Thus if search time is T>r-imarily dependent upon the time 
Tor fixation, Increasing the number cf objac-ts in the display would be expected 
to lead to a linear inerebec in search tine. 
v=n suggested by the obtaired data. 

Explanations for the effects obtained by increasing the number of parti- 
tions of the display are not readily apparent. The increase in search time 
with increases in the number of partitions ha?, been Hhown in the present data 
to be due to the effect of the number of partitions per se and not to the 
absolute size of the separate divisions. It is possible that the presence of 
grid lines in the display has a distracting effect upon visual setx-cu,. French 
(3) has shewn that irrelevant signals in a display impede the recognition £*T 
target signals. He has termed this effect visual noise e:n ths analogy of noise 
in an auditory system. However, labeling such effects as visual noise does 
not contribute to an understanding cf the effects. 

£/ While good form discrimination can be obtained in peripheral vissior. by 
training, 1%  must be r-c5«e»?.bered that the present subjects were untrained. It 
also seems likely that e^a with training, if the task permits, foveal vision 
will be used for discriminations in prererence to peripheral cues. i 

1 
. 
! 

WADC TP c-'-: "l6l 
1 



  _ ... .&.  .*- 
c\  ii«eiy expiananon i<->j «uc pi-«?S6uv> wi>a ear* be obtained if we »y*i4na 

hew subjects reproach tne task or visual search and what use they aaJie 0'"'gr5 d 
lines. Grid lines in a display not only break thfc display up into cells and 
partitions, they also organize the display into columns and rows, This orftanisa. 
tr'.on of the display may be expected tc affect the aubSect's method of search 
It would appear that subjects scan a display by either columns 01- rows when " 
these are present in the display. Since increasing the number of partitions 
in a display results in an increase in the number of Columns or rows that a 
si\bject must scan, a linear relation might be expected between the number of 
partitions and the speed of search. The data in Figure 2 do suggest such a 
linear relationship. 

The findings in the present study with respect to search <srea may w*ll be 
an artifact of the method the subjects were required to use to indicate that 
they had located a target signal. rfhe  slower search obtained for the 2k in, 
sqaai»e display, as corspared with the IS and 32 i»-. aquare displays, may reflect 

. .    . ..  M      ,  _.      .        !ats in order xo  touch 
the execti'oae oeneath the signal, However, when the aj-e,a of the display 
becomes great enough, *ae shift over to a motor ecann^ng again reduces the 
extent of the required movements once e targf-t signs! v^o -De.in identified

1 

Such an interpretation suggests that visual search, independent of the motor 
response necessary to signify location, is largely inde^^a^^ nf  <-v~» ^..i.,, 
areas used in the present experiment, 

V.  SUMMARY 

 *•----« "*   , :*r ,  ~   fL  Q" several characteristics 

(2) when 1the number 
of partitions of the display was variet by the use of grXi.  lines. Grid lines 
were used tc partition the display into a 9 x 9,  a 13 x  13. and -s ifi  x 16 matrix 

'/ant signals is increased and when the number of partitions is increased. An^ 
explanation was Advanced for these effects in terms of the number of foveal 
fixation* required For signal identification and the ijse that observers make of 
grid lines in their plan of search. 
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